ABSTRACT. Wild boars are a reservoir for many zoonotic pathogens and a good sentinel for surveillance of zoonotic viral infections, but collection of serum samples from wild boars in the field is sometimes difficult and requires special equipment and techniques. In this study, ELISA using meat juices extracted from the heart and diaphragm of wild boars, instead of serum samples, was performed to detect antibodies against zoonotic pathogens, Japanese encephalitis virus and hepatitis E virus. The results of ELISA using meat juice samples were significantly correlated with those using serum samples and meat juice contained one-fifth the antibodies of serum samples. As meat juice is easily collected from wild animals in the field without special equipment and techniques, ELISA using meat juice is a simple and superior method for serological survey of zoonosis among wild animals.
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MATERIALS AND METHODS

Collection of samples
Blood, heart, and diaphragm samples were collected from 46 wild boars from November 2016 to May 2017 in Yamaguchi Prefecture, Japan. These wild boars were hunted by hunters under permission of the local government. Blood was centrifuged at 2,000 × g for 10 min at 4°C, and supernatants were collected and stored as serum samples at −20°C until use.
Collection of meat juice
In order to obtain meat juice from heart and diaphragm, approximately 100 grams of meat samples were placed in a plastic bag (Ziploc; Asahi-kasei, Tokyo, Japan) and then frozen at −20°C. Frozen meat samples were thawed at room temperature for 5 hr and then meat juice were transferred to clean tubes and stored at −20°C until use [16] .
Detection of anti-JEV antibody
Indirect ELISA was developed to detect anti-JEV antibodies from wild animals. JEV/sw/Chiba/88/2002 was isolated from a pig in Chiba Prefecture in 2002 and kindly provided by Dr. Takasaki at the National Institute of Infectious Diseases [17] . JEV was inoculated onto Vero cells and infected cells were lysed in RIPA buffer (1% sodium deoxycholate, 1% Triton X-100, 10 mM TrisHCl pH 7.4, 150 mM sodium chloride, 0.5 mM ethylenediaminetetraacetic acid) after cytopathic effects were observed. Extract from mock-infected Vero cells was used as a control for the antigen. Protein concentrations were measured by Bradford assay (Bio-Rad, Hercules, CA, U.S.A.). Extracts were diluted with adsorption buffer (0.05 M carbonate-bicarbonate buffer, pH 9.6) to 5 µg per ml and then 100 µl of the diluent was added to a 96-well ELISA plate (Maxisorp; Thermo Fischer Scientific, Rockford, IL, U.S.A.). Plates were incubated for 2 hr at 37°C and then blocked with 1% Blockace (DS Pharma Biomedical, Osaka, Japan) in PBS for 30 min at 37°C. Serum samples were diluted to 1:100 with 0.4% Blockace in PBS containing 0.05% of Tween 20 (PBS-T). Meat juice samples were diluted to 1:10, 1:20 or 1:40 with 0.4% Blockace in PBS-T. After five washes with PBS-T, 100 µl of diluted sera or meat juice was added to each well in duplicate, followed by incubation for 30 min at 37°C. After five washes with PBS-T, 100 µl of diluted Peroxidase Conjugated Purified Recomb ® Protein A/G (Thermo Fischer Scientific) was added, followed by incubation for 30 min at 37°C. After five washes with PBS-T, 100 µl of substrate reagent (HRP substrate kit; Bio-Rad) was added, followed by incubation with gentle shaking at room temperature for 30 min. Enzymatic reaction was stopped by adding 100 µl of 2% oxalic acid. Absorbance was measured at a wavelength of 415 nm. Absorbance of wells coated with extract from mock-infected cells was subtracted from that of JEV-infected cells. Absorbance greater than 0.623 was considered to be positive by comparison between this ELISA and VN test using wild boar sera.
Detection of anti-HEV antibody
Anti-HEV antibodies in serum and meat juice of heart and diaphragm were detected using our established ELISA [29] . Serum samples were used at dilutions of 1:100, and meat juice samples were used at dilutions of 1:10, 1:20 or 1:40. Absorbance greater than 0.437 was considered to be positive according to our previous report [29] .
RESULTS
Collection of meat juice
From 46 wild boars, sera, heart, and diaphragm were collected. Meat juice was collected from all heart samples and from 36 of 46 diaphragm samples. About 10% the volume of meat was collected as meat juice, but only a small amount of meat juice was obtained from some meat samples.
Detection of anti-JEV antibodies in meat juice
Twenty-two of 46 wild boars (48%) were seropositive using 100-fold diluted serum samples (Fig. 1) . From meat juice of heart, 22 (48%), 20 (43%) and 19 (41%) of 46 wild boars were positive at 1:10, 1:20 and 1:40 dilution, respectively (Fig. 1) . From meat juice of diaphragm, 19 (53%), 17 (47%) and 16 (44%) of 36 wild boars were positive at 1:10, 1:20, and 1:40 dilution, respectively (Fig. 1) . In comparison with the results using serum samples, the sensitivity and specificity of meat juice samples were calculated. The sensitivity of 10-fold, 20-fold and 40-fold diluted heart samples was 100, 91 and 86%, respectively, and that for the diaphragm samples was 100, 89 and 84%, respectively. The specificity of all diluted meat juice was 100%. O.D. values of serum and each meat juice sample were plotted and the slopes of the line of best fit were calculated, giving 1.21, 0.91, and 0.63 at 1:10, 1:20, and 1:40 dilution for meat juice of heart, respectively (Fig. 3) . Slopes of the line of best fit using meat juice of diaphragm samples were 1.13, 0.86, and 0.62 at 1:10, 1:20, and 1:40 dilution, respectively (Fig. 3) . The correlation coefficient was 0.972, 0.983 and 0.968 at 1:10, 1:20, and 1:40 dilution of meat juice of heart, respectively. The correlation for diaphragm samples was 0.980, 0.973 and 0.956 at 1:10, 1:20, and 1:40 dilution, respectively.
Detection of anti-HEV antibodies in meat juice
Eight of 46 wild boars (17%) were seropositive using 100-fold diluted serum samples (Fig. 2) . From meat juice of heart, 9 (20%), 8 (17%) and 7 (15%) of 46 wild boars were positive at 1:10, 1:20 and 1:40 dilution, respectively (Fig. 2) . From meat juice of diaphragm, 8 (22%), 8 (22%) and 7 (19%) of 36 wild boars were positive at 1:10, 1:20 and 1:40 dilution, respectively (Fig. 2). doi: 10.1292/jvms.18-0576
The sensitivity and specificity of meat juice samples were calculated for each dilution of heart and diaphragm meat juice samples. The specificity of 10-fold diluted heart samples was 97%, the sensitivity of 40-fold diluted heart samples was 88%, the sensitivity of 40-fold diluted diaphragm samples was 88%, and the other sensitivities and specificities were 100%. Slopes of the line of best fit were 1.58, 0.99 and 0.59 at 1:10, 1:20, and 1:40 dilution of meat juice of heart, respectively, and 1.58, 1.01 and 0.61 at 1:10, 1:20, and 1:40 dilution of meat juice of diaphragm, respectively (Fig. 4) . The correlation coefficient was 0.978, 0.996 and 0.981 at 1:10, 1:20, and 1:40 dilution of meat juice of heart, respectively. The correlation for diaphragm samples was 0.976, 0.985 and 0.958 at 1:10, 1:20, and 1:40 dilution, respectively.
DISCUSSION
In this study, we successfully detected anti-JEV and anti-HEV antibodies in meat juice from wild boars. Heart and diaphragm samples were collected from 46 wild boars captured in Japan. From all 46 heart samples, we obtained meat juice, but from diaphragm samples, only 36 of 46 yielded meat juice. Thus, heart is a more suitable sample for collection of meat juice than diaphragm. Meat juice samples were examined by ELISA for detection of anti-JEV and anti-HEV antibodies. The results indicated that the sensitivities and specificities of ELISA using both sources of meat juice were almost 100%. Meat juice is therefore suitable for ELISA.
The slope of the line of best fit for each dilution of meat juice sample in comparison with 100-fold diluted serum samples was calculated. Slopes using 20-fold diluted meat juice samples were almost 1.0. This indicates that meat juice samples contain approximately one-fifth the anti-viral antibodies of serum. For ELISA using meat juice, a 1:20 dilution is recommended, as serum samples are generally diluted to 1:100 in our ELISA system.
In conclusion, meat juice is a good specimen for detection of anti-JEV and anti-HEV antibodies from wild boars. Furthermore, as our established ELISA used protein A/G for detection of immunoglobulins, this ELISA using meat juice must be applicable to detection of anti-viral antibodies from other mammalian species. Our ELISA system using meat juice and protein A/G is expected to be widely suitable for surveillance of infectious diseases among wild animals.
